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Abstract— This paper proposes a new local market structure 
for meeting customer-level flexibility need. In the proposed 
market structure, the flexibility need of each customer is divided 
into two parts regarding to the uncertainty coming from 
forecast errors and variability of the renewable energy sources. 
In addition, the flexible energy resources are categorized into 
three types according to the controllability of the flexible 
resource. Finally, the local flexibility market is settled by 
matching the flexibility provision with the flexibility needs. This 
is done by considering simultaneously the needed flexibility 
types with the type of available flexibilities. The local flexibility 
market is implemented for a hypothetical test system in order to 
prove the efficiency of the proposed market structure. 
Keywords—flexibility, flexible resources, local market, local 
flexibility market 
I. INTRODUCTION 
Uncertainties resulting from the intermittent characteristic 
of renewable energy resources as well as their unpredictable 
behavior pose a major challenge for the reliability and stability 
of the future power system. In addition to the transmission 
level, the challenges are increasing also at the distribution 
level. Flexible energy resources can be considered as a very 
potential solution to maintain the balance between generation 
and consumption in the future renewables based system [1]. 
These flexible resources can be located in either generation- 
or demand-side of the power system. Generation-side 
resources have been conventionally utilized to provide the 
system with flexibility services [2]. However, small-scale 
demand-side flexible resources (like batteries, electric 
vehicles, controllable appliances, and renewable generation 
e.g. solar panels) have recently attracted increasing interest. 
Small-scale demand-side flexible resources mostly consist 
of customers and prosumers who can modify their 
consumption and/or have controllable generation resources. 
Although system operators (transmission and distribution 
system operators, TSOs and DSOs) may be considered as 
main flexibility buyers, also customers and prosumers should 
be capable of buying flexibility for avoiding the possible 
penalty due to the sudden variation in their renewable 
resources. 
Small-scale customers with different types of flexible 
resources such as storages, controllable and flexible 
appliances (loads) and electric vehicles (EVs) can be 
considered as customer-level flexibility providers on demand-
side of the power system. The customer load can consist of 
non-flexible as well as flexible (controllable/shiftable) loads 
[3]. In addition, energy storage related resources like batteries 
and EVs can be utilized as another source of flexibility. 
Household controllable appliances/devices (loads) can be 
categorized into three types:  1) interruptible appliances like 
EVs, 2) non-interruptible appliances such as washing machine 
and 3) thermostatically controlled appliances such as air 
conditioning devices [4]. Taking into account the user’s 
preference, the home energy management system (HEMS) 
decides the optimal operation time and power for the devices 
depending on the type of device.  
Different customer-level flexibility trading schemes has 
been presented previously in the literature. For example, in [5] 
authors introduced a local market structure in which users of 
the bottom-layer of the system can participate in the local 
market with respect to flexibility. Ref. [6] defined a local-
market-based approach from EMPOWER-project in which 
different services, including flexibility, could be provided 
through  negotiating contracts among the market players. In 
[7], a decision-support system was proposed in which local 
market participants can offer their flexibility capacities 
through MASCEM-platform [8]. In [9], a decentralized local 
load management was designed so as to trade demand-side 
flexibility between prosumers and aggregators. In [10], the 
peak shaving services during peak hours was proposed as a 
flexibility service, meaning  that the DSO can purchase the 
flexibility service from demand-side aggregators according to 
the monthly contracts. In [11] customers were proposed to 
present their available flexibility in terms of their 
controllability (curtailable or shiftable) to the aggregator 
aiming to make profits. 
However, to the best of authors’ knowledge, there exists 
no research related to a local market for meeting customer-
level flexibility needs. Small-scale prosumers and customers 
need to be able to trade flexibility with each other as a 
commodity in order to meet their flexibility need in real-time. 
They may need flexibility in order to compensate the 
uncertainty and variability of their intermittent resources and 
to avoid the penalty costs or their profit reduction. In this way, 
this paper proposes a flexibility local market with the aim of 
supplying local flexibility needs and demand. Local flexibility 
sellers are considered to have different kinds of flexible 
resources ranging from household appliances to batteries. 
Local flexibility buyers are supposed to have renewable 
resources. The flexibility need (demand) is also divided into 
two parts according to the type of flexibility need. At the end, 
the local flexibility market is cleared by considering 
simultaneously the needed flexibility types with the type of 
available flexibilities. 
The proposed local market brings the following benefits to 
the power system: 
 Fulfills the local customer flexibility needs,  
 Fulfills partially the DSO flexibility needs, and  
 Helps system operators (TSO and DSOs) because 
the local customer-level flexibility needs can be 
provided by local customer-level resources. 
The rest of the paper is organized as follows. Section II 
introduces the structure of the proposed local flexibility 
market. Section III defines problem formulation for the 
clearing process of the proposed market. Section IV 
introduces the case study and implements the proposed local 
market for the test system. Finally, section V concludes the 
paper. 
II. PROPOSED LOCAL FLEXIBILITY MARKET 
Local flexibility market (LFM) is proposed with the aim 
to satisfy the customer-level flexibility needs. The flexibility 
market should be formed in real-time, near to the actual 
trading time so that there would not exist any uncertainties and 
variabilities due to intermittent renewable generation.  
Local flexibility market operator (LFMO) is an entity who 
is responsible for clearing flexibility bids and offers of the 
players in order to compensate the variability and uncertainty 
associated with renewable resources. It is assumed that 
prosumers with variable resources (such as rooftop PV panels) 
has offered their forecasted available capacities in day-ahead 
or intraday local markets. However, in real-time there may be 
a deviation between the actual production and the scheduled 
amount, imposing penalty costs for the owners of the resource. 
The reasons behind this deviation can be as follows: 
 Uncertainty due to the error of renewable-generation 
forecast  and 
 Variability due to the intermittent characteristic of 
renewable resources resulting from their dependency 
on the weather and other environmental factors like 
moving cloud patterns. 
In this regard, the proposed LFM tries to compensate for 
the deviations between the real-time and the scheduled 
amount through matching the flexibility offers of the local 
players with the flexibility bids. As a result, the local 
flexibility needs are satisfied locally while benefiting the 
entire local players participating in the LFM. In fact, the 
flexibility sellers make profits and the flexibility buyers avoid 
financial penalty costs. Moreover, the LFM benefits the DSO 
as it can be a solution to the local flexibility issues in the 
distribution system.  
A. Control layer 
The proposed model is designed based on the hybrid 
control architecture which is a combination of  hierarchical 
and decentralized control and management architectures for 
the future power system [12]. Fig. 1 illustrates the control 
structure of the proposed model. In this way, local players who 
are mainly households can fully control their flexible 
resources and build their bidding/offering strategies for 
flexibility trading while their bids/offers are managed and 
controlled by the LFMO. 
 
Fig. 1. Control structure of the proposed LFM 
The combination of decentralized and hierarchical 
structures can provide the model with democracy-related 
benefits of liberalized models as well as the coordination and 
management benefits of supervised approaches. On the one 
hand, flexible resource owners located at the customer level 
are able to compete with each other to sell their flexibility 
capacities. Flexibility buyers are also competing to 
compensate for the variability and uncertainty of their own 
renewable resources. On the other hand, the local operator 
who also acts as a mediator between the system operator and 
the local sellers would manage the flexibility transactions of 
the local traders. Thus, at the lower level, households control 
their flexible resources through the use of a HEMS. At the 
higher level, the DSO sends control signal to the LFMO and 
the LFMO controls the flexible resources to satisfy flexibility 
needs of the local intermittent resources based on the bids and 
offers of the participants. 
B. Communication layer 
The existence of the secured information and 
communication infrastructure is of vital necessity when 
designing the LFM. The required information and 
communication system should integrate local flexibility 
sellers and buyers within a platform so that they are given the 
option to have equal access for buying/selling flexibility 
from/to the local market [13].  
Bi-directional flow of information is required to connect 
the market players with the LFMO. The suitable platform 
gives the option to the LFMO  to match the flexibility offers 
with flexibility bids aiming to fulfill the local flexibility 
requirements. The LFMO may impose restriction on the 
flexibility bids and offers through the platform to apply the 
voltage and congestion-related constraints in order to ensure 
network security and stability. Besides, the LFMO can send 
some signals to the participants and direct consumers and 
prosumers towards meeting the local flexibility needs. 
C. Trading layer 
In the trading layer, participants (sellers and buyers)  trade 
flexibility in each time slot. The time slots for trading 
flexibility need to be small in a way that the flexible appliance 
can be scheduled more conveniently. For example, this paper 
considers a 15-min time slot for trading flexibility. Hence, the 
player submits its bids or offers an hour ahead for the next four 
15-min time slots.  
In the proposed LFM, the prices of flexibility trading are 
considered to be determined by the LFMO. The LFMO 
specifies the prices for each trading time slot and for each type 
of flexible resource. 
The buyers of flexibility submit their required flexibility 
demand while the sellers offer their available capacities for the 
flexibility purpose. A buyer submits two types of flexibility 
demand for each upward or downward flexibility need. 
Likewise, the sellers submit three types of downward or 
upward flexibility capacities based on its available flexible 
resources. Finally, the LFMO matches the buying offers with 
the selling bids with the aim of fulfilling the local flexibility 
need. 
1) Flexibility need/demand 
Flexibility need/demand of each prosumer is divided into 
“flexibility demand for power variability” (FDPV) and 
“flexibility demand for forecast uncertainty” (FDFU). The 
flexibility capacities utilized for FDPV should compensate for 
the variability of renewable power originating from weather-
related and environmental dependencies whereas the 
flexibility production deployed for FDFU should cover the 
forecast errors associated with renewable.  
2) Flexible resources 
Flexibility sellers participating in the LFM can have three 
types of flexible resources. Fig. 2 illustrates the different types 
of flexible resources owned by a seller and the types of 
demand for the buyer in the LFM. 
 
Fig. 2. Different types of flexibility demand and flexible resources in the 
proposed LFM 
The first type of flexible resources, named preliminary 
flexible resources (PFR), are the appliances whose working 
power cannot be controlled or managed, but their working 
time can be shifted or curtailed in order to provide the required 
flexibility. These resources are also considered as time 
flexibility [14]. Washing machine and electric vehicles 
charged under a fixed power mode are regarded as two 
examples of PFRs.  
The second type, named “flexible resources for forecast 
uncertainty” (FRFU) are those whose working power as well 
as their working time can be controlled, but they are not 
flexible enough to be utilized for FDPV need. In other words, 
the only flexibility demand that they can meet is FDFU. 
Thermostatically controlled loads such as air conditioning 
appliances and heaters are common examples of this type of 
flexible resources. Customers comfort should be taken into 
account when scheduling thermostatically controlled loads of 
the customers. As a result, they are not allowed to be fully 
controlled and synchronized with the variability needs of 
renewable resources. 
Complementary flexible resources (CFR) are introduced 
as a third type which are able to be fully controlled and 
managed in order to meet the needs of both FDPV as well as 
FDFU. These resources can be fully managed and controlled 
since they have adjustable working power and working time. 
Storage resources such as batteries, ultra-capacitors, and 
thermal storage are three examples of CFRs.  
III. PROBLEM FORMULATION 
In this section, the process of matching flexibility bids 
with flexibility offers are described from the viewpoint of the 
LFMO. The LFMO solves an optimization-based problem to 
match the selling offers with the buying bids. As previously 
mentioned, the main objective of the LFM is to minimize the 
difference between the actual flexibility demand and the 
















𝑑𝑛 are parameters implying the upward 
and downward flexibility demand required for player i at 
trading time slot t. In comparison, 𝐷𝑖,𝑗,𝑡
𝑢𝑝
 and 𝐷𝑖,𝑗,𝑡
𝑑𝑛  are variables 
denoting the amount of flexibility demand of buyer i that will 
be met by the flexibility production of seller j at time slot t in 
the proposed LFM. As stated before, the flexibility demand is 


























The minimization-based problem should be restricted to 






































,  and 𝑃𝑗,𝑖,𝑡
𝑢𝑝,𝐶𝐹𝑅
 are variables 
indicating the PFR, FRFU, and CFR flexibility production 
sold from player j to player i at t, respectively. Eq. (6) and (8) 
state that FDFU and FDPV flexibility demand should be met 
by all types of flexible resources whereas (7) and (9) express 
that PFR and CFR are the only resources that should be 
deployed to fulfill FDPV flexibility requirements.  
Capacity-related restrictions are the other constraints 































































































Eq. (10) and (16) discuss that the total flexibility power 
bought from the LFM to meet the flexibility demand of buyer 
i should not exceed the flexibility demand submitted by this 
player. Similarly, the total flexibility sold by seller j should 
not exceed its maximum capacity submitted to the LFM, 
denoted by (11) and (17). 
Eq. (12) and (18) show that the upward and downward 
flexibility production are provided by PFR, FRFU, and CFR 
resources. Besides, according to (13) and (19), the production 
capacity of the FRFU and CFR resources sold from j to i 
should be lower than their maximum limits submitted by the 
player j to the LFM.  As stated before, the working power of 
PFR cannot be controlled. Thus the LFMO should either 
utilize their full capacities or do not deploy them at all. Eq. 




𝑑𝑛  are binary variables 
determining the status of the PFRs. 
Finally, (15) and (21) restrict the maximum amount of 
FDPV and FDFU traded from seller j to buyer i in the LFM 
based on their offered amount submitted by player i. 
IV. CASE STUDY AND NUMERICAL RESULTS 
The case study consists of ten players, five flexibility 
sellers (j1,…,j5) and five flexibility buyers (i1,…,i5). Fig. 3 
shows the share of flexible resources that each seller submits 
to the LFM.  
The players are assumed to submit their available 
flexibility production and the flexibility demand for the next 
four 15-min time slots. Fig. 4 gives information about the 
flexibility demand submitted by flexibility buyers. As can be 
seen in the figures, sellers are supposed to have various types 
of flexible resources (Fig. 3). In addition, all of the buyers 
offer both types of flexibility demand, FDPV and FDFU (Fig. 
4). Upward flexibility was regarded as the only type of 
flexibility that sellers and buyers offer for the next hour. 
 
 
Fig. 3. The share of different types of flexible resources for the case study 
 
 
Fig. 4. The share of different types of demand for the case study 
Furthermore, the proposed LFM clearing model, regarding 
(1)-(21) has solved for the test. The results state that the whole 
amount of flexibility demand in each time slot was supplied 
by the local flexibility production. Also, the results associated 
with the trading structure of the proposed LFM are illustrated 
in Fig. 5 and Fig. 6. These figures (Fig. 5 and Fig. 6) show 
state the trading amount as well as time slots in which the local 
flexibility trading occurs. For example, i1 bought 0.6 kW from 
j1 at time slot 6 in order to meet its FDFU need (Fig. 5). 
 
 
Fig. 5. The structure of the LFM for meeting FDFU need 
 
As it can be seen from the figures (Fig. 5 and Fig. 6), the 
proposed local market has the acceptable liquidity since all of 
the local flexibility sellers participate in meeting FDFU and 
FDPV, except for seller j4 whose type of flexible resource 
prevents it from supplying FDPV need. 
In order to analyze the participation of sellers in the 
proposed LFM, we define a factor named “flexibility surplus 












𝑢𝑝  (22) 
The lower amount of FSR for a seller denotes that more 
flexible capacities were sold to the LFM. The flexibility 
surplus ratio of each seller at each time slot was calculated and 
depicted in Fig. 7. 
 
Fig. 6. The structure of the LFM for meeting FDPV need 
 
Fig. 7. Flexibility surplus ratio for the sellers participating in the LFM 
 Fig. 7 states that j1 with PFR flexibility production has 
the highest flexibility surplus ratio. This means that the FFR 
sources which are less flexible compared to the other sources, 
were the last priority when supplying flexibility demand at 
time slot 4. The surplus ratio for j4 shows that FRFU can also 
lead to huge participation in the LFM. Moreover, j3 which has 
pure CFR resources has the lowest surplus ratio at all of the 
time slots in the proposed LFM. 
V. CONCLUSION 
Flexible energy resources can be regarded as very 
potential solution to manage the impacts resulting from the 
connection of large amount of distributed renewable resources 
in the distribution systems. In order to deploy the maximum 
potential of flexible resources, a suitable trading structure 
needs to be applied in order to integrate these resources and 
enable small-scale customers to trade flexibility with each 
other. In this regard, this paper proposed a local flexibility 
market in which small customers and prosumers can trade 
flexibility with each other. Flexibility buyers can purchase 
flexibility from the local market with the target to avoid 
penalty costs resulted from their intermittent resources while 
flexibility sellers are given opportunity to make profits in the 
local market. The proposed flexibility local market also helps 
TSOs and DSOs because the local customer-level flexibility 
need can be provided by the local customer-level resources. 
Finally, the proposed trading model was implemented for a 
small test system with ten local players. The results showed 
an acceptable degree of liquidity for the proposed market.  
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